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PYROLYZED NACROCtCLE/CARBON BLENLS FOR ADVANCED I?LECTROCATALYSTS

~cholae kJ!mWW9h and peter c- Rie~o
Los Alamos National Laboratory
Eleccconics Dlvlsion. Loo Alamos N.f4. q7545 LISA

lNTR oDuc’rIo~
Hydrogen-dir acid fuel cellg nuitable to power various stationary or

nobile davicee are readily powered by liquid methanol Coliowing a reCorml;.g
Seep. Antlclpaced applications dictate high current deneltles. 150 ma/~m2
or hlqher, and thun poroue carbon electrodes nab-m lncorporaceu metallic
electrocacalyecs chac include platii,um or cthec macale. Dur~ng the paec
Y’aca several Uroulis have shown that certain pyralyzed macrocycle/carbon
blends produce active eurfacee for oxygen reduction.(1-3) Theee reeulcs
point to Lho avohtusl ellnlnatton of preclouc metals Crom fuel cell elec-

trodes ●nd could slqni(lcancly 10WOC the coot of energy conversion devicon.
These electcocatalyccs ● re prepared by pyrolyeie of dry blended mixtures

of carbon blaclro and metal i@n Concainlnq orqanlc chelates. cyplfied b~
phchaloeyanlneo or porphyrins containing one of the Cransltions elements,
● .g.. iron or cobalc. (3) Pyrolyeim at 500 to 850°C forms a char which In

then formulated into a porous electrode ocruccure [or oxygen reduction.
Uesulcs suqgust ceduccion activicy CI’MC exceeds meta:lic platinum. at le-~sc
●t lower current deneltles. (3)

Tn. electro?educcion of molucular oxygen at carbon ourfacon or dupported
●etal ●uraces hae received ●xrnunlve study, driven by the technizal im-
portance OC vatloum fuel-alr converc~on devtcee. Although the dutails OC
many molecular etepe are etlll no. de[ined. lC 1s nob appar@nt Chat elaccra

reduction Colltiwa a pathway ❑nown in FLqure 1. Dloxyqen. in the meet scdnle
triplet ocace(4). dbrlorbn ont~ a surface o~te. pochapa pre(elenclally witnin
certain ❑ized poces. (5) There the Ciret ele:tron. and perhar!n. a proton. Ie
●dded to the ●olecular adduet to form tile aupar@xide ion. Most liKely cnie
Clror one electccn addition Contllbu:en tc the blow Kinirtlcn of Lno oxygon
reducLlon etep. (d) The actual deuree of protondtion la not clear for. al
tnouqh Cna pKa valu~fr of varioue molecular lntermedlaten dru Known(4]. rne

●urCacQ acldlty lE not well undcrncood. ~fl:~t~On OK tne •e~ond ~l~et[on

forma 1102. wnlch ■ay d-sorb to form a mclblu pro.tucc. or dissocl.re
to form molecular wdtec and dnothor Oxyqcl, radical “11110 par! I 1 i-n depwn,lu

upon relmtlv~ raton 0[ KZ 4nd IL] rlnally. •ddlLl,~nal aimcr,-.n And ~rn
ton donarlen occur CO form Eorbad water that miuraten co requnerat~ tne •lc~
Inia figure llluetrdtee tne ❑oquonttal nature of ~lmctrch adflitio[l dnd tmlo
deeurptlun of unreaccwd hydroqen poroxlde to form d two elec.ron prnauct

in this terlUCLIOn ocn~me. Lhe wlwccrJcatalymi9 mumt partlc,patm In •ev~ral

unique procasoee. oxy~an ●dsorption. ● lecrron Cranmport [corn ● conr]uct~vo

zone. fiyrtrogon paroride dmcompo~ltlo,l (for trim four ml~clron pcocIInrI) 4nd

ionic (Prcbably rroconlcl trdnfiporL Lamtly. tho a,-tlvo rlLFI munr Lru
rzompcly rageneratod. lC Ie Wltlmln thlm .!onc@pL Ln4t rtr@ ~lmrfurmqn,-e of
thena pyrolyzsd b~endn must be unrlPraLood [b”



.,

●nd Chon ● n lnothermal moaEucemenc ●L that Cempara:uro. At Luwec haalkng
rates lacgor quantitlem 0[ material dro lost rturircq the [trot. low tarpeca-

tucs ❑tep and ● smallct rnakdual quar.ctty is obnocved. At che hiqher tataa,

thn fiKnt process cauultn in 1o-- woiqhc 1O-C and Iho [lndl product ●ama
formed during the 8S00C tEOLhqrndl ❑tep in larqer.

The tlrnc weiqht Loma represent.n sublimation, for unalteLod material ctn

be recovered from cooler par:u of the turnaco ●nd aKttaunt riymcem. I?xhaumt

throuqh the crucible eever vr!nc is E1OW and tho quanciry lost depends upon

the K@mJ0K4tUre profile. At CIiqher Lreacing racec cne product in retained in

tho heated zone where pyrolymi:! occurs. Thin degradation rerculcn in a wob

llkn dnponlr Chat [kiln the cruc;ble volume with a tciq!tly poroun mterial.
Observation of Khk by incmlrupcion 0[ 4 rhnrmal cycle rthowi ti~lt tnis solid
●lowly dkrJdppeaL~ durinq the hlqh tnmperacure procenainq. “The final char is

conductive dud hd~ UninLormati\e inKra rod npeccra and appreciable ❑atal
content. AC U50°C, locn Lhan 108 of Lhe oriqknal mdna is retained.

D4td WOK. dlto determined [OK N) TPP an pytolyskm environment with rik[.
ternnt oxygen pd.tial prenuuron. In Chene acudies thrrrmal envirnnmenro were

dltered by COntKOllknq the hyriroqen to steam rdtio tn Lhe purq~ qda. A- cdn
be ueen In Fiqura J. the [irst BUbllMdtlOn pcoconn in unetlocted by the oxy

qon p.+rtldl prorruure, Ilowevmr incLa,dmlnq ur.qnn pd[Lldl prudnure alters the

I:ndl Chdr weight dnd the thermal ❑tabiliLy J( the ●ataridl. lhuc rho

tempurdture, the hOdtinq rdte and the ndruro 0[ thu qaseous ●nvirunment dte

dll importdnt tdcrors in rlerarmkninq the renidUdl produ~c.
Mdny ntudiem hdvo umplored dlterdtior ot c~rbon bldckm [olluwinq thurmal

tr~dtmenr. Data on lhr@e cdnrtlrldrr! cdrbonti. uhown In Fiquru 4. Incl\lde thm

tomperdture where W@lqhL Iu::n I Irtit bft,:dma appruclabln ●nd Lherr tho normdl
Ixmd rdta or k“FLiullL Iunm dllK\nq d 9+011(: ifiuth~rm~, IJlr?p. in .In Ar 68 Ilz
■ ixture. Am mhown. lh~ tlliL1.sl pyrolynis ci?mpnrdlllta dupwndm ui,on CdKbon

LYPO. bul LIIm wwlqht lomn tdcns duKlnq tho IrIulhwrILdl polLIon 0[ !he Lrdce
dre tiimildr.

F:Kptarlmnntu w*te conduclmfl nn qlulura)a 01 both Ira!dterl .4n,l unrr~dted

vdrbmnn ,+nd moldl Idtod pol Illiyr Infi, III ,1 lyplrjIl u,~pullm.!n[. for o~.+mpla. .+

I!,#IIIU II bldl:k (C.ilx. t xl: “/1) wdrr mlxod wlrlI (!0 “:1’1~ { IY. It (’0 ‘TIII1) .Ind Ihmn !hlrr

MIFt.llKa Wdo IWdl ttl~dlvfl III Ar ht 11/. Nu WOIIJhl I(JMH Wdm rlllpat,!lll 1111111
1#.Mil#!l 4Lur#!ll Of 4VIJ1)I: w#trl! I I!d!:hotl .11,1] !. IIwII d WOI 1111 io14E rJccllf rl!d lll~lWO@ll

hlJfJ dnd ill, rJt)C dilh ● falo Indupntlnnl or Iwmpntd, uru. IJn I hrL hdll I u 01

d#BMl]lln L1.l LVfl I 11011mal Inihdvlur III I hrr I wo ut,par,ll o I.umpa IIIrrnl Il, we l)rPrt\cL d

Iilldl Wl)iqht IOIIU .]t 10, ’/1 .lt llOIJ1jl!; III 1,+,-1 IIIIIH IhJn h.+lt 01 thlu WdW
nl]norv9)d(9 , 4 t) , MlrrodcupLt! -~~.+minwllon III :hr? {!drbun I.huw@rl lh.lt 1110 nro
alurt I:drbnn rrul Ia!!rrn .+ ,18 rod IJY I IIW II II PO I!I1 lull o! ‘Imll 1 ( IIJ ,, ) npl ro!a

I Ifmly Ill)ulltl [I) III* 1!1411J11111J. “1’11111,Illl!avr {l!)p21r Il I I only dppatvnlwhrrnIhw

•)~tllrm III lIyr I:lylw I1.
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F’iqure L: Mechan16tlc Patnway Cor
ELecCtochemicdL Reduccion of Dioxy-
gen: f401ecuL~r oxygen reacts wtth
a surface site (S) and then one
electron is added to Eorm the
superoxide ion: Collowinq that
k~neclcally slow step, hydroqen
peroxide is Cocmed which dccomposee
to torro product water and ,inothec
surface oxide, Acidicy at sucface
l~ctdtes pcotonaclon rates. Less
probable Cvo-site absorpc~on 1s noc
.+hown.
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F’iqure 3: Effecc ot the
Gaseous Envlconmenc on
[Jyrolysls of Ni TPP: D.aca
show pyrolysis with dli.
fecenc H~/HzO ratios. All
at 5 K/mln. Welqhc loss
is Lot Lnicial, low
temperature process while
Ihe temperature lndlcated
1: chat of m.+xlmum wel,~ht
I()!i!; . I+olcom rrl(’e hews

the (lm/d’r beh.dvlor.
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